Summary Alveolar carbon dioxide pressure-ventilation response curves were measured on 5-6 consecutive days by the rebreathing method of Campbell and his associates. The slopes of the response curves progressively increased until the third day and then leveled off. The ventilatory response evaluated by breath-by-breath recording after a single large breath of hypercapnic and/or hypoxic test gases also increased in the same manner when studied at the same time. This phenomenon was thought to be related to the altered neurogenic activity in the ventilatory control system. The slope of the response curve obtained by the conventional steady state method did not show the consistent increase observed with the rebreathing method.
I. Consecutive daily trials of rebreathing and single large breath tests Twelve healthy subjects (7 males and 5 females) took part in the experiments. Their physical characteristics are listed in Table 1 . During daily experiments the subjects were first submitted to the rebreathing test; then the vital capacity single breath test was conducted twice, and finally the rebreathing test was repeated. Altogether this procedure took about 2 hr and was repeated on 5 to 6 successive days. Table 1 . Physical characteristics of the subjects.
Rebreathing test. We used the experimental set-up of . A rubber bag with a capacity of about 10 liters was placed in an airtight plastic which was connected at one end to a respirometer for recording ventilatory movement and at the other end to a plastic airway tubing (bag-in-box principle). The subject rebreathed the bag gas mixture through the airway tubing. To avoid excessive resistance to increased air flow during CO2 rebreathing, the inner diameter of this tubing was not less than 28 mm and the whole length from the mouthpiece to the orifice of the rebreathing bag was 14 cm. The inner diameter of the three-way stopcock placed midway in the plastic tubing was 22 mm. The bag was filled with 4-5 liters of a gas mixture of about 7 % CO2 in O 2, which was rebreathed for 3-4 min. Readings of the bag CO2 concentration and the ventilation were taken every 30 sec by an infrared CO2 analyzer and the respirometer, respectively. Ventilation was strongly driven by the high CO2 concentration in the rebreathing air, and a good linear relationship between PACO2 and VE was always observed. The slope of the VE/PA CO2 curves thus obtained was calculated by the least-squares method.
Single large breath test. To evaluate the activity of the peripheral chemoreceptor mechanism in the respiratory system, we employed the single breath method inspiring a vital capacity breath of test gas, which provided a very distinct ventilatory response to chemical stimuli. We followed the method described by SORENSEN and CRUZ (1969) but with slight modifications. After 1-2 min of recording ventilation at rest, the subject exhaled to residual volume, inspired a vital capacity breath of test gas, immediately expired to functional residual capacity (FRC) and waited until a stimulus to breath was noted. Spontaneous breaths subsequent to the single test gas inhalation were continuously observed for 30-60 sec. The subjects breathed through a face mask, and ventilation was recorded by a continuously recording ventimeter which consisted of two Tissot-type respirometers, each having a 50-liter capacity; the ventimeter automatically switched from one to the other by virtue of electromagnetic valves. The test gases used were 20 % CO2 in air (CO2 stimulation), 5 % CO2 in N2 (low 02 stimulation), and 20 % CO2 in N2 (low O2+CO2 stimulation). The 5 % CO2 in N2 mixture was inhaled twice (double breath test) in order to secure sufficient hypoxic drive. In one day's experiments two trials were performed with each gas mixture. Furthermore, one additional procedure was conducted : immediately after a maximal inhalation of each gas mixture, the subject exhaled maximally and the alveolar air was sampled by the method of Haldane and Priestley. The gas was analyzed by the Scholander method.
Comparison of the steady state method and the rebreathing method in consecutive daily trials
Two subjects were submitted to daily rebreathing and steady state experiments six times on six successive days. Rebreathing was performed as described in the preceding section. The steady state method was applied by having the subject start to inhale a gas mixture of about 3.5 % CO2 in approximately 50 % 02. Ventilation was observed until an apparent steady state level was achieved. This usually took 10-15 min. During this steady state period, end-tidal air was sampled. Then the inspired CO2 was increased by approximately 1.5 % and the same procedure was repeated. Repeating the above procedure four times, PA CO2 and VE at four different inspired CO2 levels were obtained to calculate the slope of the VE/PA CO2 curve by the method of least squares.
VE/PA CO2 curves by the rebreathing method
The slopes of all the VE/PA CO2 curves from 12 subjects obtained on each day are averaged and plotted against the successive six days in Fig. 1 , where the vertical bars indicate the standard error of the mean. Because of the different physical characteristics of the subjects, the slope of the response curve, S, was expressed as V-E in liter/mmHg/m2 body surface area. The average S seemed to increase progressively during the first few days, after which it leveled off. Statistically, the dif- Fig. 1 . Average slope of VE/PA CO2 curves on six successive days. The slope, S, expressed as VE in liter/mmHg PA CO2/m2 body surface area, increased until the third or fourth day.
The differences in S between the first and fourth or sixth day were statistically significant. curves shifted to the left by 2 mmHg at the most. against the real time of successive breaths. Three characteristic features are seen in these figures, in passing to subsequent days: (a) the degree of the maximal ventilatory response increases consecutively (b) the time taken to reach the maximal ventilation after the onset of single breath inhalation shortens as the experimental days pass ; and (c) ventilation following the maximal VI, shows a tendency to decline faster on later days than in the beginning. These characteristics are numerically analyzed in Table 2 : in the first column, of the three kinds of single breath test (CO2, low O2, and low O2+CO2 stimulation), the average percentage changes in the maximal VI (VI max) from 12 subjects are shown against the experimental days. In the second column the length of time to reach VI max (tVI max) is shown. Finally, when the VI's following the VI max were plotted against time on a semilogarithmic scale (log VI versus t), good linear relationships were obtained in most cases, as was previously reported by DOWNES and LAMBERTSEN (1966) . Therefore, the slope of the log 1./-ilt lines was calculated for each single breath experiment, and the average slopes are presented in the third column of each test. The statistical analysis in Table 2 shows that after the third experimental day almost all the values expressing these three dynamic characteristics of the breath-bybreath recordings attain levels significantly different from the first day. Alveolar air. Averaged alveolar PCO2 and PO2 from 9 subjects (PA CO2 and PA O2 of the remaining three subjects are lacking because, in the earliest experiments, alveolar air sampling was not done) are presented in Table 3 : the first column shows PA O2 and PA CO2 when inspiring maximally a single breath of 20 % CO2 in air (CO2 stimulation), the second column, double breaths of 5 % CO2 in N2 (low 02 stimulation), and the third column a breath of 20 % CO2 in N2 (low O2+CO2 stimulation). The relatively large variation in PA O2 of the low O2 test seems to be due to the large differences in PA O2 between the resting condition and the period of test gas inhalation. Nevertheless, no consistent changes of alveolar air composition are seen during six successive days in the CO2 and low O2 tests. On the other hand, in the low O2+CO2 test, PA A CO2 seems to increase and PA O2 to decrease Table 3 . Alveolar air at single large breath from nine subjects. INCREASED   VENTILATORY  RESPONSE  TO CO2 IN REBREATHING  21 until the third day, after which they level off, though the magnitude of these changes is not statistically significant. Therefore, the characteristic feature of the ventilatory response to a single breath test shown in Table 2 cannot be accounted for by the alveolar PCO2 and PO2.
3. Comparison of VE/PA CO2 curves obtained by the rebreathing and the steady state method
The slopes of the VE/PA CO2 curve, S, estimated from the rebreathing and the steady state method on the same day are compared in Table 4 . The values from the rebreathing experiments increased, as shown in the previous section (the increase was significant in one subject but not in other subjects), whereas those from the steady state experiments showed no increase. Therefore, the elevated S and the enhanced and quickened ventilatory response to chemical stimuli demonstrated here seem to be time-limited phenomena, lasting only until the steady state has been achieved. Table 4 . Comparison of the slope of VE/PA CO2 curves, S, obtained on the same day by rebreathing and steady state method in two subjects.
S is expressed as VE in liters per minute/1 mm Hg of PA CO2. R.R.: rebreathing method. S.S.: steady state method.
DISCUSSION
Enhanced ventilatory response to respiratory chemical stimuli was demonstrated in both rebreathing and single large breath tests in consecutive daily trials. Altered ventilatory responsiveness during a similar daily training procedure has also been reported by BAINTON and MITCHELL (1966) . They performed 30 min conscious forced ventilation every day and succeeded in obtaining posthyperventilation apnea after an average of 2.3 daily sessions. Their observations and ours seem to elucidate the same ventilatory control mechanisms from the opposite sides, i.e., elevated PA CO2 in daily rebreathing of a high-CO2 gas mixture resulted in increased ventilatory response to chemical stimuli, and lowered PA ACO2 in daily periods of forced ventilation caused apnea. Since the altered responsiveness does not seem to be attributable to the P ACO2 or PA O2 level ( et al., 1948 ; SCHAFER, 1949 SCHAFER, , 1965 SCHAFER et al., 1963 ; PRIME, 1954; SONG et al., 1963; FLENLEY and MILLAR, 1967 ; IGARASHI, 1969 
